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(57) Al>$tr»c(: The present mveniion reiates lo a niedical device stitf method fov aiaatisig tfie body ttssite of a pisiienj. Tte {.Hvjsent 
invention is atss) dtrecfeij tts a tneihod of ttsiiking ihe medicn! tievtee and a mefhcsl of usSng fhe medicsi <fe\'ics. More pimkidariy, the 
invsfilion relates lo a mociicaJ device whk-lii h iiiseitcrd imotrie kKtyftjrt^eJivery oflhevajieirtfcpatdies to itie sui-S'acet.if ulxidv inmcn, 
Oi^an or tiivjiy. .Specifically, ihe raoJic;tf device h.ss an umbrelJa-likc ov :i fc3s(«t-)ik.c c^}Xil-:tl;lil;^; a^SL-jfibK' ■ -.n-.d a tlii/rapoutic paich 
'Hie exi>3»dabte assettibly cspsbie nf chunking, fmm a i-etrac-ed p(!snio(s w ati espindat! jxisidon. The ex;)<tndab)e assBro.biy can 
be self'CXpjiftding or niJii-st^it o.^p.s.'idiiig. 1;; one emfi>>diri(cnf. ihii iinxhjiil Lifvioe «;i-:ip;-:>es a:i oiitfjauioJ muiubo;" ail iiifili; jlla-iiist- 
expatsdable assembly wijich i\as a plisrafiiy of wire elenu^nts; and a tfiia-apsasic {>aii.-h. Uta tlioaiXJUik \ia\ck cotjiptjses a shfcJ 
hsvirig mo opjxwing sai ikco wfieiwts tme of ihe tuifatc CDnHirisf!. an aitfsc-sn'c tnaieviai ivxti at least oik fjUilugicatly activs msUeriai. 
The orfier opposing ssjrFiiee is disposed ooio iha piurafity a!: wire cleraenjs of ilie urahTcBa Jike expandable as.sembiy. In another 
erahodittiifm, the meiJka! device contposi-j. an t-'Umgaied mwnbor, a baskt-t-like e.xpandabte assctoblj' 'xtving a piuraliiy of w.ie 
lilemeriL*., ami a therapeulic paidi. Tlie ItfUjin-KHtit patch disptaed miui lias piuratity nf wire eiemeni.sttf Jie kiskeldike expardahli; 
asserahSy, 
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MEDICAL DEVICE FORDEOYERING PATCHES 

5 

1. FIELD OF THE INVENTION 

The present invention generally relates to a medical device which is 
jQ inserted or implanted into the body for delivery of a patch to the surface of a body lumen 
or an jnteraal body cavity or organ. More particularly, the invention is directed to a 
medical device thai comprises nn expandable assembly and a therapeutic patch attached 
thereon. The medical device enables the adniinistration of a biologically active material 
j2 on a soiid support to the surface of a body lunieii or irdemal body cavity or organ. 

2. BACKGROUND OF THE INVENTION 
Heart failure affects approximateiy three million ^Vmericans, aiid new 
cases of heart failure number aboiu 400,000 each year. Corigestive heart failure (CHF) 
is particularly iBsidious, affecting at kast two million Anierican.<5, and is a syndrome 
characterized by left ventricular dysfunction, reduced exercise tolerance, impaired 
quality of life, and raarkediy shoiiened life expectancy. lii patients suffering from CHF. 
decreased contractility of the left ventricle leads to reduced cardiac output with 
consequent systemic arterial aad venous vasoconstriction. This vasoconstriction, which 
promotes the wious cycle of further reductions of stroke volume is followed by m 
increased elevation of vascular resistance. A number of techniques are available for 
treating cardiovascular disease such as cardio\'a$c«lar by-pass surgery, coronary 
angioplasty, laser angioplasty and atherectomy. These techniques are gsnerally applied 
to by-pass or open lesions in coronary vessels to restore and increase blood flow to the 
heart muscle. In some patientSj the number of lesions are so great, or the location so 
remote in the patient vasculature that restoring blood flow^ to the heart muscle is 
difficult 

However, despite these eSbrts, the degree of clinical efficacy has been 
limited. Improvement in ftmctional capacity and exercise time is small and mortality, 
although reduced, continues to be high. Thus, there remains a long felt, yet currently 
unmet need to pro\'ide a therapeutic solution to minimize the deterionttion of the heart 
associated with CHF. 

The prior art tnethod of delivering tiierapeutics using needle injection is 
problematic because such treatment is too locaiizfid. Also there are probiems associated 

-1- 



wo 03/832815 



PCT/US02/33W4 



uh p?fc t ret'-"."?! vherehy a biologically active nialen?^ u mcoiponiteu mio a patch. 
■^ii cJ c'el" e fio^ jdes i mcan"^ of iocali^u g and r-on'rolLn:. Lhei ipau ij; a^io it release 
to t it^ hcait anil oth<-T cga is t'urre itl> , affixing sucb deh% cn chirlcs to the 
rnj.uuardu!m s o\U achieved wilh maximaU> invasn'e surgicil tf^t.!irjq t^3 u open 

5 hem. s Jigcirv) iLe duec exposure of the heait is necess uy tur pat* att 1 .nent 
C'eail^ e c icr^a'i <; gieat need for a medical dcvici. vth-ch d^h\ :;rs I'lcrapeu jc 
agcru ilu' is nuniruc'Uy mvasivs, "Witii tiie device as described m the px-esert ins'ention, 
patcft cehvery can be accomplished using a minimally invasive catheter-based dehvei>' 

IQ system. 

3. SUMMARY OF THE INVENTION 
The present invention is based upon the observation of the. inventors that 

J - a therapeutic patch may be delivered to the site of treatment, usually a body lumen or an 
internal body cavity or organ, by means of a catheter-based patch depjoyment-deiivery 
system. The present medical device addresses four shortcomings of the current 
technology. First, with the advent of a catheter-based delivery system, patch 
deployment is no longer limited to maximally invasive surgical procedures. Second, 
biologically active materials released from a solid support, i.e., patch delivery, 
eliminates the systemic leakage routinely encountered with solution formulations. 
Third, a patch system serves as a network bridge that provides adequate surface coverage 

^. to bridge healthy and ischemic tissue thereby reimiting healthy and injured tissue, and 
re-establishing a continuous functional tissue network. From the standpoint of gene 
therapy, patch delivery will resolve a key downfall of current strategies where injection 
of csUS;, genes, or drags into the injured area may result in isolated areas of regeneration. 
Fourth, the catiieter-based patch deployment patch delivery system allows for minimally 

30 

invasive delivery to a large area of treatment such as a surface of the myocardium. 

It is an object of this invention to deliver a therapeutic patch which is 
non-thrombogenic, minimally inflammatory and generally well received and well 
tolerated by the human body, to the siu-face of a body lumen or an internal body cavity 

35 

or organ. 

It is also an object of this invention to provide a m^icai device for 
treating the body tissue of a patient. Tlie medical device comprises an elongated 
member having a proximal end and a distal end; an expmidable assembly disposed at the 
distal end of the elongated member, wherein the expandable assembly is capable of 
changing from a retracted position to an expanded position and the expandable assembly 
comprises a plurality of wire elements and wherein each wire element h^ two opposing 
ends; and a patch having two opposing swfaces; wherein one of the opposing surfaces 
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comprises an adhesi ve material and the biologically active material; and wherein ths 
other opposing surface is disposed upon at least one of the wire elements. The 
expandable assembly can be non-self-expanclable or self-expandable. 

While it will be appreciated that the expandable assembly can be an anged 

5 in a wide variety of configurations, in preferred embodiments, the expandable assembly 
lakes on an umbrella-like or a basket-like configuration. In one etiibodii-ieni, the 
e^■pandabIs patch delivery assembly has an umbrella-like conftguraiion when the 
assembly is expanded. I'he niedical device comprises an eloijijiited aiember having a 

le proximal end and a distal end which dcfmes a longitudinal axis; an urabrenfi -like 

expandable assembly comprising a plurahty of wire elements, each havina two opposing 
ends. The elongated member may be further cojinccled at its proxirna! end to a catheter 
body. In one embodiment, the umbrella-like expandable palcli delis-evy assembly is non- 

j5 self fXpaiKliiig mni comprises an expansion mechanism for expending the expandable 
assembly. Ihe expansion mechanism comprises a plunger hEJving a hnnen being sized to 
slidiibly receive a portion of the elor^gated meniHer llierein. The patch; comprises two 
opposing surfaces. One of the surfaces coropases at loa.sl one biologically active 
material and an adhesive. The oilier uppusiaij su; lace Is dispcsed on ?hs phiralily of 
v/jrc elements of the umhrelia-like expandable assembly. The patch changes from a 
retracted position to an expa.-icicc: position when the t;.\pa;idable assen-bly ctianges from 
a retracted position to an expanded positioji as die plimger shdes along the elongated 
member. In one embodiment, one end of at least one wire element is connected to the 

25 

distal end of the elongated member at a flexible joint In another embodiment, one end 
of at least one wire element is flexibly comiected to theplungen 

In another embodiment, the umbreUa-Uke expandable assembly is self 
expanding. In its rest position, the umbrella-like self-expandable assembly is in its 
expanded position. A guide sheath which is sized to slidably receive the elongated 
member and the umbreila-iik© self-expandable assembly is placed around the umbrella- 
like self-expandable assembly to keep the assembly in its retracted position. Once the 
guide sheath is removed, tlie umbrella-iike self-expandable assembly rstnms to its 

35 

expanded position. 

Another embodiment of the medical device of the present invention 
comprises an expandable patch delivery assembly which has a basket-like configuration 
when the assembly is expanded. The medical device comprises an elongated member, 
which has a proximal end and a distal end which defines a longitudinal axis. An 
expandable assembly, comprised of a plurality of wire elements, is attached to the distal 
end of the elongated member. Each wire element has two opposing ends. In one 
embodiment, the basket-like expandable assembly is non-self expanding and farther 

-3- 
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comprises an expansion mechanism. Tbe expansion mechanism comprises a plunger 
having a lumen beUig sized to slidably receive a portion of the elongated member 
therein. In a specific embodiment, one end of at least one wire elerasnt is fiexibiy 
connected to the plunger. 

5 In another embodiment, the basket-like expandable assembly is self- 

expanding. Both ends of at least one wire element is comiected to the distal end of tiie 
clonga:ca njcnbcr There is a midpnm* between the uppostng ercl<; e^each wire element. 
Th« n,idpo-nts rf rt least two \vnc elements ca^i mVr^ecl and canbt; connected to each 

jQ other at a hub I'l anofier emtxxljneni, fire end of it least onc^ v\irc e'e-nrnt is connected 
to the d'stal «rrd of ihe elougated member aiid the o.her end of c t ieas* ^n." wv <i element 
is coiriec: to the t'lsta end of tbe elon;^ated member ar a po'n* ini">ic dBtal ixrn the othei 
end of ihe w i re clement A j.,'jide shsath having a lumen 15 sized to shdi'bl^' receive the 

^5 basket-ld^e sel^'-eXi^. udible r.sberib'y -i V tr u> ido she.nb ^hdei. along tht' 

}orgitudiU.i f\i5, the basket h*<e expa'\l e \ e<ipands and retracts A patch 

h?vi ig oppos'ijg i,uilae£i. lb dispoNewl <) s' ^ . 'we es ta'^o^bk ..^sembl>. One of 

the {faces compiiscs .i hi )'o<\jt'Jv < o."v^ jr.. il <. >. v.MJeit.i Th:: 

oth.r opposmg ? tirt xe ii. dii,^VhJO o ito the v\are elements of the basket-like expandable 
a.-'^emMy { i il patch ts c!ic nj-'.c! t om a rerracted position to an expanded position as the 
expandiibie as^scinbly retraeiij ana expands, 

lha pit,^,i,rt m^tnti Mi-, i ^o J rcwieu lo a method for tre?ting the body 
tissue ot a paueat Ihe nedwd CLmprsses ]i> ^.rtin^-! anv of the above-described medical 
device ir(o the paftcnr's body m a manncf such that tht exp^iiJ ible a^sejnbly it, p'oxiui if 
to the body tissue sutffce bemg tteats.d The expand?blc assemDlv 53 expanded from a 
retracted position lo an expanded position and cor.tdctmg the bods tissue that needs to be 
treated with the surface of the patch comprising the biologsca11> active matenal. 

Furthermore, it is an object of the present invention to provide a method 
of making a medical device of the present invention for treating body tissue of a patient. 
The method of making a medical device for treating the stirtacs of a body tissue of a 
patient comprises disposing the expandable assembly upon the distal end of the 
elongated member and disposing the patch onto at least one wire element of the 
expandable assembly. In an embodiment, the patch is disposed upon the wire element 
by loosely wrapping the surface of the patch that is without the bioloi^cally acti ve 
material on the wire element. 

In a preferred embodiment, ihe patch is circular in shape md has holes at 
the periphery which can be secured onto hooks that are disposed on the wire elements of 
the expandable assembly. In another embodiment, a water soluble glue is used to secure 
the patch onto the expandable assembly. 
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4. BRIEF 0ESCRIPI1ON OF THE BRAWINGS 
The various advantages Bnd novel features of ftis invsntion will be more 
fully apparent from a reading of the detailed description of the pmsmt inventsoa in 
5 conjunction with the accompan>'iiig drav/ings in v/hich like reference numerals refer to 
like parts. 

FIG. i a illustrates a schematic diagram showing the various parts of an 
embodiment of a medical device having an expandable assembly having an umbrella- 
IQ like configuration. 

FIG, lb ilhistrates a medical device with an, expandable assembly having 
an umbrella-like configuration as showing in FIG. la in its expanded position, 

FIG, Ic illustrates a schematic diagram showing an embodiment of a 
J2 medical device having an expandable assembly with an nmbrella-like confignration. 

FIG Id illustrates a medical device with an expandable assembly having 
an umbrella-like configuration as shovsti in FIG. Ic in its expanded position, 

FIG. le illustrates a schematic diagram of a medical device with a sliding 
2^ plunger 40 in which its expandable assemlnly is in its retracted position and the patch 20 
is in a retracted position. 

FIG. if i]l!.istrat(=;s a schematic diagram of a medic ai device having a self- 
expanding expandable assembly in its retracted position, 

FIG. 2a illustrates a schematic diagram of a therapeutic patch 20 wi tli 
two-opposing surfaces 100 and HO. 

FIG. 2b i iiuslrates a schematic diagram of a therapeutic patch 20 wiih 
two-opposing surfaces 100 and 1 10. Surface 1 00 has a pim aiity of micro-needles 120, 

FIG. 3 illustrates a schematic diagram showing a deployed patch 20 
adhering onto the surface of the myocardium SO. 

FIG. 4a illustrates m embodiment of the medical device having a basket- 
like expandable assembly 140 wherein the assembly is in its retracted position. 

FIG. 4b illustrates the same medical device as in Fi^re 4a in which the 
basket-iike expandable assembly 140 is expanded to deliver a therapeutic patch 20. 

5. DETAILED DESCRIPTION OF THE INVENTION 
5*1 The Apparatus of the Invention 

In general, this invention is directed to a medical device which can 
deliver a therapeutic patch to a surface of a body lumen or an internal organ with 
minimum invasive surgery. The medical device of the present invention comprises an 
elongated member; an expandable assembly; and a therapeutic patch. 
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In one embodiment, the medical device comprises mi expandable 
assembly whb an umbrelia-like configuration and a thempeiitic patch. The umbreila-iifce 
expandable assembly comprises a piuraHty of wire elensents each having two opposing 
ends and the \raibrella4ike expandable assembly may be movable between an expanded 

5 position and a retracted position. The umbrella-hke expandable assembly is disposed on 
the d suil ejiJ of an elongaJed member. The nmbrsUa-hke expandable assembly can be 
non if^u c pai ding in such an embodimert, exjan'-on i<; co •'tro'lcd t->TO ig'^ i-n 
^^P^ii loa mechdii "t'ch & jriungcr Tn<- plunavr hr^ a Unutn ^ pt hsm i>iz^d to 

jQ sUdabiy ada'-j* to ti ^ eion^dtc J mcn'bei The wire elemtrtT can. se m iJe oi floMble, 
resilient wires fiom natonrl= bUoL as mckeUitamum allo'vii Os-'nioF'^'j ■. ^^rV t, tcel, 
platinum ouit^r nta <;r ' e■^ b l > _ siindar super-e'T^itic ch ii ^ttv.n-tn.s A thetapeufic 
patch i<> di'-p J" u 0 i 0 \ ' t o* v f-e ^lemont<^ o^the imbreih \i-\0 exp^niabn. 
assembly fin. out i ' ^ ^ ' ') ! ik> id lj, !n^> b o;.u npaublv* 

matenalsucha pol;> t p K t i ' . jocthvlene m a portion of tie paiisnt's 
pcacardiun ur cthf 1 i'a i lUi ai v u'l * ^ Bi^logiua h acli^t; materidk can b^* 
b-*cured onto i^., ''hcr.ntdt ^ p. ^'i n-^ i ^ xv ^l ( h i hi .-id i ^ ^ oi 

2^ foin iilat d ' do the paL<- a 1 -ih^s \ ^ r ato ia[ is dho u=^<.d in i io iCi^ a itw-^ioii tor the 
tht.ap^uSu pjt^h !o adi <. c o u s a oi the boc> tissLC ih 1 ic ]xm^^~^ t c?tmcnt 
once the umbieh.i i U v:*-^*- ' jHL s^^sc I ^ { tht irtt' 1 1! de\ (.t- , dt.plov£.J 

FigusL n iv-. o c L bcc' in,.! I <. ' i ^ bl e expandable 
assembly tba* can be i "^yd ui t k uiw.. cat dis icc uf il.v prv, i^rn ^ntn i ihi-, 
enbod meat mchide^ an ttmbteila-hke assimbly 1?0 ba^int m e^^ppnca de the apcutic 
patch 20 disposed thereon The medical device comprises an elor.^attja member 1 0 wth 
a slidtng pUmgei or expAn&ioa mechamsm 40. The elongated member 10 h^i* pioximal 
90 and a distal end 100. The umbrella-like expandable assembly 120 conipnses a 
plurality of wire elements 30. Each of the wire elements 30 has a proximal end and a 
distal end. The proximal ends of the wire elements are connected to the distal end of the 
elongated member 10 at a flexible joint (not shown). A therapeutic patch 20 is disposed 
onto the wire elements 30 of the umbrella-lifce expandable assembly 120. 

35 

As shown inPigure la and in more detail in Figure 2a and b, the 
therapeutic patch 20 comprises a sheet having opposing surfaces 100 and 1 10, One of 
the opposing surfaces 100 comprises an adhesi ve material and at least one biologically 
active material The other opposing surface 1 10 is disposed onto the plurality of wire 
elements 30. As shown in Figure 2b, the opposing surface comprising the biologically 
active material can have a plurality of micro-needles for facilitating delivery of the 
biologically active material. The patch 20 may be wrapped onto the wire elements 30 of 
the umbrelk-Uke expandable assembly like an accordion or in an S-shaped form similar 
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to a collapsed balloon. Aitematively, the patch can be attached to hooks disposed on at 

least OBO wire element. 

The patch 20 is movable between an expaaded position and a retracted 

position in concert with the expandable assembly as the expsiision mechamsiw or 
5 plunger 40 slides along the elongated member 10, Specifically the slidab II p lunger or 

expansion mechanism 40 has a lamen that is sized to slidably receive a p j- tloii of t' r 

elongated member 10 therein. When expansion mochanss-n or ph ngcf -^0 i& pushed 

along the elongated member 10 toward the nmbrella-hke evpain^aok aisyiiibly 120 the 
jQ plunger pushes the wire elements 30 and causes patch 20 to expand outwardly from the 

wire elements and places patch 20 into the deployed position as shown in Figures lb and 

3, 

Figure lb illustrates the medical device as shown in Figure la with the 
umbrella-like expandable assembly in the expanded position. The plunger 40 pushes the 
wire elements 30 to diverge from one another. Patch 20, which is disposed on the wire 
elements, is brought to an expanded position. Also, the proximal end of the plunger 40 
can be affixed to a slideablc .shaft 50 that is threaded over the elongated member 10 as 
shown in Figure lb, The slideable shaft 50 can be mechanically niauipulated to move 
the plunger 40 backward and forward to expand and collapse the expandable assemble 
1 20. Alternatively, the plunger 40 may be advanced distally over at least a portion of the 
wire elements 30 to collapse the wire elements 30 so that they resemble the ribs of an 
overturned umbrella. 

2S 

Figure Ic depicts another embodiment of the umbrella-like expandable 
assembly 1 20 with a therapeutic patch 20. In this embodiment, the proximal ends of 
each of the wire elements 30 are connected to tlw distal ead of the plunger or expansion 
mechanism 40 at a flexible joint 1 30. In such a configuration, when the plunger or 
expansion mechanism 40 slides distally along the elongated member 10, tlie wire 
elements 30 are pushed distally to expand the umbrelia-iike expandable assembly 120. 
The wii-e elements diverge from one another as shown in Figure Id. Accordingly, the 
therapeutic patch 20 which is disposed on the wire elements expands and is delivered to 
the body tissue. 

Figure Id illustrates the medical device as shown in Figure Ic in its 
expanded position. One end of the wire element 30 is flexibly joined 130 to the plunger 
or expansion tnechamsm 40. In one embodiment, the wire element 30 may be able to 
bend at a point 35 between the two ends of the wire element 30. When the plunger or 
expansion mechanism 40 advances distally along the elongated member 1 0, the wire 
elements 30 diverge from one another. Accordingly, the expandable assembly 120 
expands, causing the patch 20 to expand. 

'7- 
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Figure le iilustmtes thsmsdical device with the «nibreUa-lik« expandable 
assembly in a retracted position, Preferabiy, when the laiibreUa-like expandable 
assembly is retracted, it collapses to approximate the outer diameter of the elongated 
member 10, 

5 la another embodiinent of the medical device, the «mbrelia-Uke 

expandable assembly 120 compnsmg wire elements 30, can be self-expanding as sho\TO 

H r K lire I i Woi 2 siyf^cjfjcaliv m rest s^ale or posjtK n the expanded assembly 

Kb u.ni> e\p I dec Tbi^ mtiVs^ih like e<.pandabb as'-eiib v can be confined by a guide 

{ o K \ b 60 t ^at b Ms th^ i^ ^mhl^ 12') m i '^traa^.d poM lo i Vv i ii the « de she 60 
5S reim^er' fh- wp ukLMv ass'^mblv 120 rciums to expiimt-d pos tion to d^hv<.-the 
patch 20 The ginde -,hp?tl 60 can be advanced tow^«rd ti ^. di^r^l uid u i t v. dc\ in o 
return the expanded asicmbiv back to a retracted pos'tio i oefut e j -^ii c a o n\<^ v i <, 

j5 Fijtuc ^ ilhJitraUs t r d i at. u I ih^* uiubi lU iKt Mjandablc 

a <?€mbl> triw n\ t.n*icn be u < oa <^h 20 ro c strtat.'^ ot 

th i5>oca ditiir 80 viler th^. rn^di 'a\ ^ > inuu'! diii-ti to tho ">od) 

tis<-u tohcir(.atwd tivUnbw"ahk ' i i h is s. f u 1 ^ Is^iu s d 

d-^ovv, }o in c tic phi o-^ ^ n ) n-chu^i n -^0 hivsalon Ik elongated 
IK nb^r m ipusuK \ <- l ) i an cxpandcG p<.n \ tVc unbi-eUa- 

hlc*^p uumL is c ib ts exp i ' M n c ! i!i ! louink, pJci 20 th% 
con pHScs th^ idhcsn e mater d <! d i i <i d t. on ^ ard adheres to 

the fcurface ot thv mvo ardium bO v, ^0 is th a dwta'-h.d iron the 

wire elements 30 %vheti tU un mdh i Ic cxpa ble st bh etr«v>K 

^"ui addinon?! cojinponei i mav be pro jdcd for introdac ig ihe riedical 
devjce of the present invention to the target ittt, s Uhm the irea*.m$nt region tnat is lo b:j 
treated. For example, a conventional sheath and obturator (styiet) assembly can be used 
to initially access the target site. The assembly can be positioned under ultrasonic or 
other conveationai imaging, with the obturatori'stylet then being removed to leave an 
access lumen through the sheath. The expandable assembly of any configuration can 
then be introduced through the sheath lumen. In one embodinient, the wire elements of 
an umbrella-like expandable assembly are then extended so that the therapeutic patch 
can be deployed at the surface of the body tissue of a patient and the timbrella-like 
expandable assembly can subsequently be withdrawn. 

In another embodiment, the medical device comprises a basket-like 
expandable assembly and a therapeutic patch. A basket-like expandable assembly 
comprises a plurality of wire elements in the shape of s basket secured to the distal end 
of an elongated member. The basket-like expandable assembly is capable of changing 
from a retracted position to an expanded position. The therapeutic patch is disposed on 
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the plurality of wire elements of th« basket-like expandable assembly and is expacdabie 
from a retracted position. 

Figures 4a and 4b depict one v ersion of the medical device witli basket- 
like expatidabie assembly of the invention in wiiich the assembly is seitHsxpanding. hi 

5 general, a basket-like expandable assembly 1 40 includes an elongated catheter body 1 50 
fomied by a tubular member wliicb has a distal end and a proximal end. A basket^like 
€xpaiidab!e assembly 140 formed of a pluralitj' of wire elements 1 70 is secured at the 
distal end 1 80 of the catheter body ISO, In this embodiment, each wire element has a 

10 first end a second end 173 and a midpoint 172. The first and second ends are 
attached to the distal end 1 80 of the catheter body or elongated member 150. The 
midpoint 172 of the strands are held together by a tip member 24, which is a hub. In 
another embodiment, one end of tiie wire element is attached to the distal end of the 

j ^ elongated member and the other end is attached to the distal end of the elongated 
member at a point m.ore distal than the other end of the wire element. Preferably, tite 
basket-iike expandable assembly includes at least about three (3) wire elements although 
fewer wire elements may be provided. For example, preferably about four (4) to about 

2y twenty (20) wire elemeiUs may be used to form the basket-like expandable assembly. 

The basket-like expandable assembly is inserted into a guide sheath 160 
having a lumen being sized to slidably receive the basket-like expandable assembly and 
the elongated mem.ber. In particular, the guide sheath has an. inner di.ameter that is 
greater than the outer diameter of the catheter body and the collapsed basket-like 
expandable assembly. The giude sheath controls the expansion mid retraction of the 
basket-like expandable assembly it moves along the elongated member. As a result, the 
guide sheath is capable of sliding along the basket-like exp^dable assembly. 

In addition, although a circular shape is shown, it will be appreciated that 
the wire elements may be arranged in a variety of curved, elliptical or other looped 
shapes, that may together define thnje-dimeasionai, basket-like expandable assembly. 
The wire elements are preferably spaced apart irom one another to substantially isolate 
the wire elements feom one another, and are preferably spaced apart evenly. Also, 

^ preferably the wire elements are of the same length. 

During use, the basket-like expandable assembly is directed between 
retracted and expanded conditions. In particular, the wire elemestts with the therapeutic 
patch are compressed into a retracted condition for introduction into a patient's body, for 
example, through the cardiovascular system. The basket-like expandable assembly and 
the patch is deployed at a target site within the body, for example, within a heart 
chamber, where the guide sheath is pulled back, allowing the wire elements to rehim.to 
their expanded condition for use. Upon deployment of the basket-like expandable 
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assembly, the therapeutic patch comes in contact with the surface of fee body tissue to 
be treated, and adheres to the surface of the body tissue. The medica! device comprising 
the basket-Uke expandable assembly is retracted and removed jfrom the treated area. 

As Figure 4a shows, movement of the sHdable ^eatSi 160 towards the 
5 dista! end of the elongated member 150, moves the sheath 160 over the basket-like 
expandable assembly 140, In this position, the slidable sheath 160 comprssges and 
collapses the basket-like expandable assembly 140 for introduction through a vein or 
artery to the intended treatment site within ^e body. As Figure 4b shows, movemeiit 
jQ towards the pixjximal end of the elongated member 150 moves the guide sheath 160 
away from the basket-like expandable ^sembly 140. This movement removes the 
compression force of the guide sheath 160 on the basket-like expandable assembly 140. 
The basket-like expandable assembly 140 is allowed to expand and assumes its three- 
j J dimensional basket-Uke shape, A therapeutic patch 20 is disposed on the wire elements 
170 of the basket-like expandable assembly, men the basket-like expandable 
assembly is In its retracted position, the therapeutic patch is disposed aamnd the 
retracted basket-like expandable assembly (not shown). When the medical device is 
2^ inserted adjacent to the surface of body tissue that is to be treated, the basket-like 
expandable assembly is expanded fay retracting the guide sheath 160 to deliver the patch 
20 to the body tissue, 

la another embodiment, the medical de\'ice comprises a basket-like 
expandable assembly that is not self-expanding. This embodiment further comprises an 
expansiojj mechanism for expanding the basket-like expandable assembly. In one 
emfaodimeut, the expansion mechanism is a plunger having a lumen being sized to 
slidably receive a portion of the elongated member such as that used in the medical 
device having an urabrella-Hke expandable assembly described above. In an alternative 
embodiment one end of at least one wire element is flexibly comiected to the plunger or 
expansion mechanism, 

5-2 SHkable Ther ancutic Patches 
Figure 2a illustrates a therapeutic patch that may be used in the present 
invention. The therapeutic patch 20 has two opposing surfaces, one surface 100 has at 
least one adhesive material and at least one biologically active material. The other 
surface 110 is disposed against the umbrella-like expandable assembly 120 as shown in 
Figures la and Ic, or basket-like expandable assembly as shown in Figures 4a and b. 
The patch which is non-thrombogenic, non-infiammatory, delivers relatively high doses 
of one or a combination of biologically active material locally to body tissue in a 
sustained fashion. 
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The patch may compdse a sheet that is made of ijatural polymers, 
syiuhetic posyraefs, metah or biological fabric. Patch 20 is preferably fonned of woven 
or braided libers or wires, membranes, porous or fibrous scaffolds made of a polymer. 
The pol>TOer(<;) useful for forming ths thorapeiuic patch should bo ones lhat arc 

5 biocompatible and avoid irritation to body tissue, Tliey can be dther bioKtabls or 

bioabsorbable. Polymers that can be used m the presein inventioii include hydronhilic or 
hydi-ophohic ones such as poiycarboxylic acids, celluiosic polyjnere, including cellulose 
acetate and ceiUUose nitrate, gelatin, polyvinylpyrrolidone, cross-linked 

10 polwinylpyrrolidone, polyaiiljydrides including maleic amiydride polsoiiers, 

polyannde,^, polvvinyl alcohols, copo!>Tners of \-inyi monoiiiers such m ? VA, pol>%iuyl 
eti-)ers, polyvinyl aroinaucs, pol\'elhyiene oxides, glycosaminoglscans, polysaccharides, 
polyesters iacluding pol>-e:hylerie tcrephithalate, polyacr>-lamidss, polyetherS; 

J5 polysidfones, polyeduT sulicne, poiycarborare, polyalkylenes including polypropylene, 
polyethylene and high molecular v^cl^i pol>c-Jiylc;ie, haiogenated po!yaii:ylenes 
including polytctrafluoroethyiene, pol>urethanes, polyortiioesiers, proteins, 
pol>'peptidcs, silicones, siloxane polymers,, poiylactic acid, polygiycoiic acid, 
polycaproiactone, polyhydroxybtityrate valerate and blends and copolymers thereof as 
well as other biodegradable, bioabsorbable and biostabie polymers, copolymers and 
hydrogels. 

It is preferable that the patch is made of a biodegradable material, Le,, a 
material capable of being absorbed by the body after it is no longer needed. However, a 
patch can also be made of a non-bioabsorbable siich as plastic mssh, which include 
polypropylene mesh such as MARLEX^** and GORTEX^"" The selection of the type- of 
patch material depends on the disease or condition that is to be treated and can be 
determined by one skilled in the art. Biodegi'adabie polymers suitable for use in the 
present invention include: poly{L-iactide) (PLLA), poly(D,1Ulactide) (PLA), 
poiy(glycoHde) (PGA), poly(L-{actide-co.D,L-Lactide) (PLLA/^LA), 
pQiy(L-iactide-co-gIycoIide) (PLA/PGA), poly(giocoUde-co-trimethylene carbonate) 
(PGA/PTMC), polydioxanone (PDS), polycaproiactone (PCL), polyhydroxybutyrats 
(PHBT), poly(phospha2caes), poly(D,L-Iactido-co*caprolactone) (PLA/PCL), 
poly(glycoside~co-caprolactone) (POA/PCL), poly(phosphase ester), poly(elhyiene 
terephthalate) and polyanhydrides. 

In addition, other suitable high strength, high modulus organopolymeric 
materials may be used. These include aromatic polyiraides and aromatic polyamides, 
aromatic copoiyaraides, such as the reaction products of phenylenebis (amino- 
benzamide) and isophthaloyl chloride, all-aromatic polybenzimidazoles, such as poly 
[2,2' (m-phenylene)-5,5* (6,6* benximidaxole)], polyozadiazoles, poly (n-phenyr 
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triazolcs), polybcnmbctizimidazolcs, pol>anicios, poly (amide-iniide), and polyeth^r 

block amides (PEBAX)™. 

Iti a preferred embodiment, the patch can bs mads of a flexibie fabric 

which comprises an array of fibers. The fiber array inckkies \voven and non-woven 
5 fabric slrucfures. The .fibers can have a diameter dimensioji between aboiit 5 to 25 

microns. In a preferred embodiment, the fiber is made of poly ethy leas terephthalate. 

Metalh'c materials may be mauie into ular.ienfs and therj woven to fonri a 

network of metal mesh suitable for nuik:r:.i; tlie par.jh. Polsmer filaments may also be 
IQ used together witli the metallic fiisinents to tbrin a nsrwork mssi-!. 

Patches that are useful for the medical device of the present irn-ention can 

be any biological patch. Biogenic iissiie such I'ls eridodsrni froni the imiennost layer of 

aa artery (intima), collagen, flbriri, c\:i;ij'-ir riiJtrix cic. inay be mcd i\s therapeutic 
j g patches for the present invsr.don, Biogenic n-iacrornoleeulei;. aL-so known as 

biopolyme-rs, such as coHagen, chitin, chicosan or ceUulosc including mcthylceiiulose, 

ethylcellulose, hydromyethylceliiilose, hydroxypropylceliulose, sodium 

carboxymethylceUulose, krainin, and hyaluroaic acid may also be used to fabricate a 

biogenic patch. 

The patch may comprise one or more sheets or films of a fiexible 
material. In a preferred embodiment, the patch comprises a resei-voir layer. The 
reservoir layer coniprises a biologically active material which caa replenish the supply 
of biologically active material once the initial release of the biologically active material 
has occuired. A preferred kind of patch includes a reservoir of aaglogenic substance that 
leaches out from the inside of the patch, supplying more wound healing and angiogenic 
compound overtime. 

The patch may comprise one or more layers. In a preferred embodiment, 
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the patch comprises an essentially impemieable layer, a matrix layer, and an adhesive 
layer. In another embodiment, the patch comprises an essentially impermeable layer, a 
matrix layer which is made up of a bioadhesive polymer. In a preferred embodiment, the 
patch comprises a biologically active material that is dispersed or embedded within a 
matdx layer of the patch. The impermeable layer is impermeable to the biologically 
active material such that the biologically active material that is present on one side of the 
patch will not be permeated to the opposing side of the patch. 

The patch is preferably flexible and follows the contours of the surface of 
the body lumen and body cavity to be treated. The therapeutic patch can bs of any ^ape 
and size depending on (I) the surface of the body lumen or body cavity that is to be 
treated and (2) whether it can be delivered to the body tissue by the medical device. In a 
preferred embodiment, the patch is circular. 
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The total thickness of the therapeutic patch can be about 10 microns to 
about 1mm. Preferably, the tliickiiess of the patch is about 50 microns to about 100 

microns. 

f'nrioiic'ilv the thtjrapeuhc patch can have d pluraht> of n k o needLs 
5 J i.pObfc' on the suiface that compnscs the adhesive material and bm 05 < lil^ acU^e 
ni a'-eitai 1 he riucro-rsedles are used to facilitate fie deli\ erv of the biol>. gic A\y c;cu\ c 
maTouf . to t.^c & irf^c," o: t' e boci% K .r , ^ i*eina] bocH or'' uv 01 01 ga . Fi^-Uir >b 
lUusttare- ? I lerapeutic p.. ' n in_ '-uc.o .v.-d..;„ f a mas be ut^d n t .e pje-eiit 
m\ tjiuioi 1 Lc thorapcuuc patch 20 1& similar to that of Figure 2^ except that 011 ti.c 
suiULc t'^a. «.ompnscs the adhesive material and bioiogicaily active material, there are a 
phiraiuy ot micro-needles. 

In one embod n.s^j , ^ne n thit aie dji.po'^etl upon the surface 

J , of the patoh are snhd ne^die^s V/hta ^.a d 2o . d^'L^creJ to th>" sarLc of the body 
tissue, the so.h! micro-needles cieatc nanoholes m the tj ^s.^e 1 h- h o!ogtcah> artn 0 
material in the patch can theii be delivered from the patch by capillary action along the 
outer surface of the micro-needles. The biologically active material seeps into the 
nanoholes where it is delivered to the body tissue. 

When the micro-needles are non-holiow, i.e., solid, the micro-needles 
preferably have gutters on their exterior surface along their longitudinal axis. The 
biologically active material can travel along the gutter to the aSlicted area by capillary 
action- A biologically active material is coated on the surface of fee therapeutic patch 
and is forced into the nanoholes created by the micro-needles. Also, hollow micro- 
needles and solid micro-needles can be used together on a single patch. 

Alternatively, the micro-needles can be hollow and in liquid, 
communication with a reservoir of a biologically active material, such as a reservoir 
layer of the therapeutic patch. The reservoir layer can be incorporated in the patch by 
any suitable means. In a preferred embodiment, the reservoir layer is attached to the 
therapeutic patch using a bioadhesive glue. The hollow micro-needles pierce the surface 
of the body lumen as the therapeutic patch is delivered to the surface of the body tissue. 
As the patch is pressed against the body tissue, the biologically active materia! is 
delivered to tlie body tissue through the hollow micro-needles from the reservoir. 

Micro-needie devices and methods of manufacture are described in 
WO99/645S0 or using microeietromechanica! system (MEMS) technology. Micro- 
needles are generally construed as a needle of a diameter at most about lOO^m and of a 
length at most about 1 mm. An appropriate size of the micro-needles depends on the 
size of body lumen where the therapeutic patch is introduced and also the size of the 
biologically active material to be delivered. Generally, the outer diameter of thelnicro- 
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need'es it; befwecn about 10 rim and about iOO }.im, pre(siabiy about 10 and bslow. 
The icngUi of tao i.iicro-ni;*edIcs is tvpically between about i p.m and about I mm, 
prc-^crcbiy aboui Ki and about 500 pi , mcuc p;cfetably between abciu 30 }im and 
ahou: V) jijn The rnir.utc si.ve of the :-ni:io-r.et;ditdS N'.il! permif pen:;tration a: 

5 controilabic dcpihs miir.ni'zing tissue caTiag^i., Fujt%ctrno-.\ :be iheiapeutic paich caxi 
include inicro-not.d:o.; of different si:'cs, j c , diameier^ inid'or l;ngth. 

Th; mscfo-TKc-dles of ■■..* i jiaio-; .-a be made frjni appropriate 

materials, such as metal;;, ceran;.cr. 3t- ni. o :<;\;vto,-, o.; , . o.-, polvTiiers and composites. 

jQ Prefentd maferi^jls are ';tn.inlc=;s steel, r.ivkel "lor, '\\ c'luimnni, copper, y^^ld, titamum, 
Alloys of these oi other metals, silicon, silicon dio\idc and polymcis, such as 
Polyethyjene i.nfp'itl Plate (PET), pel>urc.Kjne, Polyvinyl Chioride, poiyaniides, 
polycarbonates, polyethylene, and Jngh-Jen^!t\ u'va-high rr.okcidar weight 

15 polyetliylene {UPE), Pebax^M, Poiy'.aciic acid (PLA), polyiacdc acid glycolic acid 
(PLGAj, f olycaprolactonc-polylactic ..cid (i'(/L~PLA.) Bman^ornble polvir.eis are 
p:efeiab]e in case the micro-necdlcs are broken and bft m a body men or tisstie. 

I he nncro-rcedies are micro-fabric.V.ed h\ p ->\"osoo In^wxi to artisans, 

2^ e.g., etching techniques, such as photoresist, wet, and dry re.r:o\al: ckxtioplafnsj and 
electroless plating; diffusion processes, such as boron,, phosphorus, arsenic, and 
antimony diffusion; film deposition, such as evaporation, sputtering, chemical vapor 
deposition (CVD), epitaxy, electroplating, screen printing, lamination stereoiitiiography, 
laser machining, and laser ablation; lithography; thermal oxidation of silicon. T-hose 
methods are explained in detail in PCT publication WO99/64580 and Mioromechansaal 
Devices for Intravascular Drug Delivery, Michael L. Reed, Journal of Phamiacsuticai 
Sciences, vol. 87, no. 1 1, (Nov. 199S), 1387-1394, which are incorporated by reference. 

The micro-needles may be solid or porous, at id hollow or non-hollow , 
The term "porous" means having sufficient por^ or voids where fluid and'or solid 
materif^s pass through. The hoHow micro-needle may have a tip having an aperture 
connected to a lumen tunning through the micro-tieedle or a porous tip having a plurality 
of pores where at least one lumen running through the micro-needle is connected to one 
of the pores. The porous tips allow radial distribution of biologically active material 
from individual micro-needles. 

The micro-needles are disposed on the surface of the therapeutic patch. 
The micro-needles can be oriented perpendicular or at an angle to the surface of the 
patch. The micro-needles may be distributed uniformly on the surface of the therapeutic 
patch which contacts the surface of the body lumen or organ when the patch is adhered 
to the surface of the body tissue. The number of micro-needles is not limited and 
depends on the targeted tissue. Generally, one micro-needie per ten (10) cells is 
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' preferred. Typically, the mtmber of the rmcro-needies is more thm about ten (10) per 
cm', preferably between about 1x10^ and IxlO*, more preferably between about IxlO-^ 
and 1x10^ per cm\ The numerous micro-needles ensure uniform delivery over the area 
of targeted tissue. 

5 The therapeutic patch is disposed on the Rmbrelia-iifce or basket-Hke 

expaiidable assembly. The patch is disposed in such a way that the surface that does not 

comprise tiie biologtcaliy active agent is preferably in contact with the wire elements of 
the umbrella-iike or basket-like expandable assembly. In one embodiment, the patch is 

IQ loosely wrapped or folded onto the wire elements like an accordion or in an S-shapcd 
form similar to a collapsed balloon, hi another embodiment, when the expandable 
assembly is in the expajuled position, the patch is wrapped onto the wire elements. Whm 
the e:>£pand3bie assembly is changed to the retracted position, the wire elements fold the 

^ j patch into a retracted position. In yet another embodiment, the patch is disposed upon 
the wire element using adhesive material such as a bio adhesive g(ue that dissolves when 
in contact with body fuiid. In g.nother embodiineut, the patch has small holes at its 
periphery' so that it may be disposed upon the wire clement using books or securing 
elements that are disposed on the wire elements. 

The opposing surface of the patch comprises a biologically active 
material and an adhesive material. Once deployed, tiie therapeutic patch can adhere onto 
the surface of a body lumen or an intema i body cavi ty or organ using the adhesive 
material that is on the opposing surface of the patch. Suitable adhesive materials are 
described ift/ns. Adhesive rnaterials can be used to incoiporafe biologically active 
material into the patch and also to adhere the therapeutic patch onto the body tissue that 
is to be treated. 
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5.3 Applicable Biola^kaliv Active Materials 

One can use the medical device of the present invention to deliver a 
biologically active inateriaithrough a therapeutic patch to a staface of a body lumen or 
an internal body cavity or organ. The term "biologicaliy active material" includes 
therapeutic agents, such as drugs, and also genetic materials and biological materials. 

Suitable therapeutic agents include in general, antiplatelet agents, anti- 
coagulant agents, antimitotic agente, antioxidants, antimetabolite agents, and anti- 
inflammatory agents. Antiplatelet agents can include drugs such as aspirin and 
dipyridamole. Aspirin is classified as an analgesic, antipyretic, anti-inflammatory and 
antiplatelet drug. Dipyridamole is a dmg similar to aspirin in that it has anti-platelet 
characteristics. Dipyridamole h also classified as a coronary vasodilator. Anticoagulant 
agents can include drugs such as protamine, hirudin and tick anticoagulant protein. 
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- Aiid-cancer agents can include drugs such as taxol, and its analogs or derivatives 
antioxidant agents can include probuco!, anti-proliferative agents can include dnigs such 
as ambdipme and doxazosin, Antinjitotic agents and antimetabolite agents can include 
dmgs such as methotrexate, azathioprine, vincristine, vinblastine, 5-iluorouracii, 

5 adriamycin and mntamycin. Antibiotic agents can include penicillin, cefoxitin, 
oxaciliin, tobramycin, and gentamycin. 

Other examples of therapeutic agents that can be used in accordance with 
the preseiiE inventiaa include, but are not iiniiied to, ami'tlu-ombogenic agents such as 

^0 heparin, heparin derivatives, urokinase, and PPack (dcxtroplienyl alanine proline airginine 
chlorometbylketone); anti-prohferative agents such as enoxapriri, angiopspiin, or 
monoclonal antibodies capable of blocking smooth muscle cell proliferation, himdin, 
and acetyisalicyhc acid; anti-inflaminatory agents sxjch as glucocorti>soids, 

^5 betamethasone, desamct'nasone, prednisolone, corticosLvanki, budt'suaide, estrogen, 
sidias.ila;dne, and mesalamine; aniineoplastic/antiproiiil :vr/;vc, :LTiii niiatic agents such as 
paciitau-l, 5-fluorouraci!. cisp'atin, vi;:blastine, vjncus',!n«, c;;'o Julojieri, endostatin, 
angiostatiri and thiTnidLnc kinase irJiibirois; anesilietic agents such as iidocaine, 

2Q bupivacaitic, and topiv.icRine; ;Kiti-i.:oagiii;i!:i(^ iu;:h as D-Piic-lh-o-Arg chlorometliyl 
ketoi!, an PXH") peptide containiug con)pou;id, antiLhrombin compounds, platelet 
receptoi atUagurusts, ajui-tiuornbifi aritibodics, anti-plak>1et receptor antibodies, aspirin, 
prostaglandin inhibitors, platelet inhibitors and tick antiplatelet peptides; vascular cell 
growth promoters such as growth factors, growisi factor receptors, transcriptional 
activators, and translational promoiors; vascular cell growth inhibitors such as 
antiproliferative agents, gro\\th factor inhibitors, growth factor receptor antagonists, 
transcriptional repressors, translational repressors, replication iiiliibitois, intdbitory 
antibodies, antibodies directed against growth factors, bifunctional molecules consisting 
of a growth factor and a cytotoxin, bifunctional molecules consisting of an antibody and 
a cytotoxin; cholesterol-lowering agents; vasodilating agents; and agents which interfere 
with endogenous vaseoactive mechanisms. 

The biologically active material can be nsed with any biologically non- 
active material including a solvent, a carrier or an excipient, such as sucrose acetate 
isobutyrate SABER^^' (commercially available firorn SBS), edaanol, n-methyl 
pymolidone, dimethyl sulfoxide, bensryi benxoatc andbenze acetate. 

Angiogenic substances, wound healing agents, and growth factors are 
suitable therapeutics that may be placed on the patch. Growth factors such as Fibroblast 
Growth Factor (FGF, FGF-1, FGF-2), Vascular Endothelial Gro\vtii Factors (VEGF) (all 
types including VEGF-2) and Endothelial Mitogenic Growth Factors are among the 
growth factors preferred for use with the present invention. Angiogenic substances such 



-16- 



wo 03/832815 



PCT/US02/3344)4 



as estrogen, mcluding estradiol (B2), estriol (E3) and 1 7-Beta Estradiol are aiso believed 
suitable for use with the present iaveiittoii. Estrogen is believed to induce angiogenesis 
and increase permeability. 

Genetic materials tbat are useful as bioiogicaiiy active material for the 

5 pj^sent invention include, for example, nucleic acid molecules such as DNA, RNA and 
other otigoiiucieotides having a therapeutic effect aiter being taken up by a cell. , 
Examples of therapeutic polynucleotides include anti-sense DNA and RNA; DNA 
coding for an anti-sense RNA; or DNA coding for tRNA or rRNA to replace defective or 

jQ de&ient endogenous molecules. The pQlynucieotides useful for the Invention can also 
code for therapeutic polypeptides. A polypeptide is understood to be any translation 
product of a polynucleotide regardless of size, and whether glycosylated or not. 
Therapeutic polypeptides include as a primaiy example, those polypeptides that can 

j5 compensate for a defective or deficient species in an animal, or those that act through 
degradation and regulation to limit or remove harmM cells from the body. In addition, 
the polypeptides or proteins that can be incoiporated into the coating material of the 
preseat invention, or whose DNA can be lacorpor ated, include without limitation, 

2p lamiain, angiogenic factors including acidic and basic fibroblast growth factors, vascular 
eadoihelial growth factor, epidennal growth faclor, transtbrming growtii factor a and % 
platelet-derived endothelial growth factor, platelet-derived growth factor, tumor necrosis 
factor a, hepatoc\'te growth factor and insulin Hke growth factor; growth factors; cell 
cycle inhibitors, kinase ("TK") and other agents useful for interferijig witii cell 
proliferation, including agents for treating raalignaacies. Still other useful factors, which 
can be provided as polypeptides or as DNA encoding these polypeptides, include the 
family of bone raorphogenic proteins ("BMP's"). The known proteins include BK1P-2, 
BMP-3, BMP-4, BMP-5, BiVrP-6 (Vgr-1), BMP-? (OP-1), BMP~S, BMP-9, BMP-iO, 
BMP-n, BMP-12., BMP-13, BMP-i4, BMP-l 5, and Bi\IP-i6. Currentiy preferred 
BMP's are any of BMP-2, BMP-3, BMP-4, BMP-5, BMP-6 and BMP-7. These dimeric 
proteins can be provided as homodimers, heterodimers, or combinations thereof, alone 
or together with other molecules. In addition, molecules capable of inducing an 

35 

upstream or dov/nstream effect of a BMP can be provided. Such molecules include any 
of the ''hedgehog" proteins, or the DKAs encoding them. 

Negatively charged biologically active materials tliat may fee used as a 
biologically active material in the present invention can be any therapeutic agent that 
will associate with the positively charged moieties on the derivatized polymer at or 
below about a physiological pH, which is preferably about 7.4, and that will be 
substantially released therefrom at or above a physiological pH. Such negatively 
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charged therapeutic agents inciude, but are not limited to nucleic acids such DNA, 
cDts A, RNA, antisense DNA or I^'A, nucleotides, proteins, oligopeptides. 

The genetic materials as described above may be inserted into a human 
body incUiding viral vectors and non-viral vectors. Viral vectors include adenoviruses, 

3 gutted adenoviruses, adeno-associated vims, retroviruses, alpha virus (SejnUki forest, 
Sindbis, etc), lentiviruses, herpes simplex vinis^ replicatioa competent vinis^ (e.^., 
0NYX~Q15), and hybrid vectors. Non-viral vecfoi-s include artificial cluromosomes and 
mini-cliromosomeSj plasmid DNA vectors (e.g., pCOR), cationic poiymsrs {s.g., 

IQ poiyethyieneiniine, polyethyleneiroine (PEI) graft copolymeis (e.g., polyether-PEI and 
polyethylene oxide-PEi). neutral polymers Polj^'inyl propyletie, SP1017 {SUPRATEIC) 
or oth«;r poloxamers composed of poiyethyleue oxide and polypropylene oxide, lipids or 
lipopiexes, naaoparticles and rnicropavticles with and without targeting sequences such 

J J as the protein transduciion domain (PDT). 

I'he biologicai materials that may be used as biologically active material 
for the present juvendon include cells, yeasts, bacteria, proteins, peptides, cytokines and 
hormones. Siutable cells may be seeded onto the patch for delivery to various organs, 

,g Cells can be of human origin (autologous or allogeneic) or from sn animal source 
(xenogeneic), genetically engineered, if desired, to deliver proteins of interest at the 
transplant site. The delivery' media can be formulated as needed to maintain cell 
function and ^'iabiiity. Suitable cells include whole bone maixovv, bone mairow derived 
mono-nuclear cells, progenitor cells {e.g., endothelial progentitor ceils), stem cells (e.g. , 
Hiesenchymai, hematopoietic, neuronal), pluripotent stem cells, fibroblasts, macrophagej 
and satellite cells. Other types of cells may be suitable for seeding, i"or example, primar}' 
cultures of embryonal, neonatal, or adult cardiac tissue, cardiomyoeytss, skeletal 
myoblasts. Cells that are suitable for a therapeutic application, more preferably after 
additional genetic-engineering change, ex vivo modified cells (e.g., stem cells, 
fibroblasts, myoblasts, sateliite cells, pericytes^ cardimyocytes, skeletal myocytes, 
macrophage). Specifically, embtyonal cardiac muscle cells are used for cell-mediated 
gene transfer, these cells can serve as a vesicle for a local gene transfer into the 

■'^ myocardium in particular for constructing healthy tissue and assisting contractile 
functions. For this purpose, the desired therapeutic genes are transfected by a viral gene 
transfer process, preferably with an adenovinis or an adenovirus-associated vims shuttle 
vector, or by a non-viral gene transfer process as described supra. Any type of grat 
may be placed on the patch, for example, allograft (same species donor and recipient) or 
homograft, as well as xenograft (different species donor and recipient) ft-anaplants. 
Applicable xenograft may be obtained from pigs, cows and sheep, 

-IS- 
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Drugs are suitable bioiogicaiiy active material that can be iised m the 
present iiweation. Some drugs are employed to assist in treating problems associated 
with cardiac dilation. For example, digoxiii increases tiie contracfliity of the cardiac 
miiscle and thereby causes enhanced emptying of the dilated cardiac chambers. On tlie 

5 other hand, some drugs such as beta-blocking drugs decrease the contractiiity of the 
heart and therefore increase the likelihood of dilation. Other, pharmacological and/or 
biophaiTOacetiticaL treatments have been used previously. For example, 
angioteasin-convertiiig enzyme (ACE) irihifoitors, such as captoprii and enalopril, have 

jQ become standard therapy for patients with congestive heart failure. These drugs improve 
hemodynamic profile and exercise tolerance and reduce the incidence of morbidity and 
mortality in patienEs with congestive heart failure. 

J J 5.4 Methods of incorporating Biologically 

Active Material into J be 

The biologically active material can be of various physical states, e.g., 
molecular distribivtion, cr>'3tal forms or ckister fomis. A biologically active material 
may be encapsulated by liposomes. Liposome comprising biologically active material 
liseful m the present invention may be prepared in a miniber of v/ays known in the art. 
For example, microencapsulation techniques for the preparation of microcapsules having 
a wail or membrane of polymeric material are described in literature such as 
"Microencapsulation and Related Drug Processes" by P.D. Deasy, Marcel Dekker Inc. 
New York (i984). 

Various methods may be used to iricorporate biologically active material 
into the patch. For example, the biologically active material may be placed into tlie 
patch by absotption, adsorption, or chemical bonding such as covalcnt bonding. In 
another method, the bioiogicaiiy active material may be incorporated into a filament 
formed of various materials such as natural or synthetic polymers. The filament texture 
is preferably porous, mesh like. The filament with the biologically active material may 
be woven to fonn the patch. These patches may he cat into the appropriate shape 
depending on the surface of the body tissue being treated. 

In a preferred method, the biologically active material is mixed with tlie 
polymer used to make the patch. The biologically active material can be embedded, 
dissolved or dispersed into the polymer solution used to make the patch. 

A carrier may be used together with the biologically active material in a 
therapeutic patch. The carrier material will typically be one of two types. One type 
bioerodes rather uniformly over time, so that the bioerosion of the carrier is also the 
primary mechanism for releasing the biologically active material &om a patch, T'he 
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second type is a material which essentially remains intact during ^uh^tafttial portion of 
the release period of the b:oiogican> acti\ o m£-.tcri.«) The m^cbanism of release of the 
biologjcilly active matcrul is b> diftusion oj other meeliaaisiri \<.hich does mA rcqut.-e 
the camct to concun-ently biocroJtid. Ho\vo\t-i . in such cfi?e.% sho"t1y after thw 

5 biologicaliv f-L tive nrderial has been depleted from the c.^.rrier, erosion of the palcii 
should pro.-ced va order to avoid the necessity of rejnoviag tlio tbetapeitic patch fron 
the body iii^^uc iMjiiy canie? materials nay be pu-tablc for vanoti^ esr^bcdtmc-nt'; nf the 
medical iltvicc of the present irvcr^ticn, Tr.e^s car-.-r niaieriais may he natuta: 

JO products suoh ns kciaan, sJo!, tri;;lycenc:'S. fatty acids, lipids, latexes, as vsell 35 
derivatives, sails of cellulose dsriva-aves. ai:-.aHue or alkalint; catih s«it^ .^f cdkilosc 
acetate phthalato, ammoniunt hiAs of h)'c;o\ypropyI nicthyi ecUulose pblhahUc, 
poly^accha.ndo, synthetic pol>nio: ^. oolygiycolic acid and deiivatives of 

j5 polyethylene glycol, pdycaprulfactone, poiylactic acid, and copoi>'nier:9 thereof; 

" luateriah such as starch, fatty alcohols, alginate polymers, albumin, calcium caseiaate, 
calcium polypectats or gellan gum. 

Can UTS h-T Jjo gra\Mls factois of tlie present inventio"- irchide hydrogds. 
t)rac} nui.e;iaL. buitab^c for mixing with growth factors include: polyethylene oxide and 
Its ropoiyuie:-s, pob-vinylpyrolidone, polyacrylates, polyesters, gelatins, collagens, 
proteins, iodium alginate, karaya gum, guar gum, agar, algin, carrageenans, pectins, 
xanthaa, starch based gums, hydioxyalkyl and ethyl ethers of cellulose, sodium 
carboxytnethyl cellulose, polyvinyl alcohol, and hydrophilic polyurethanes. 

The biologically active material may be glued onto the patch by means of 
a mmtber of Ifiiowti synthetic, tiatarally-occurring or modified naturally-occurring 
substances which exhibit tackiness. These bioadhesive polymers and surgical adhesion 
polymers must be biocompatible, that is, nontoxic and/or inert, within the treated body 

"^^ tissue of a patient. The adhesive should also be compatible with the material forming 
the carrier, as well as the drug. In addition, the bioadhesive on the therapeutic patch is 
used to secure the patch on the surfece of the body lumen or in internal body cavity or 
organ once the therapeutic patch is deployed. A variety of adhesives are suitable for the 
present invention, both &r adhering a patch over the wall of a cavity to be treated, and 
for retaining biologically active material onto the patch. One adhesive is a hydrogel 
composed of gelatin and poly(L-giutamic acid) (PtGA). The hydrogel is fonned by 
chemically cross linking gelatin and poiy{L-glut8mic acid). Another adhesive is fibrin 
glue. One suitable fsbrin glue includes fibrinogen, thrombin, calcium chloride and factor 
vm. Another family of adhesives is cyaaoacryiates. Preferred cyanoacrylates include 
butyI-2-cyanoacryiate (Histoaciyl), eftyl-2-cyanoacryiate, and octy}-2.eyanoacrylate. 
Gelattn-resorcinol formaldehyde-glutaraldehyde is another suitable adhesive. O&ers 
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mclude carboxymetbyl andbydroxj-propyl msthyl cellulose, and other cellulose 
derivatives; tragacantb, caraya, locust bean and other synthetic and natural gums such as 
algin, chitosan» starches, pectin, aad naturally-occurrmg resins. In p-ddition, many 
polymers having suitable adhesive properties cm also be utilized, including without 

5 limitation: polyurethanes having amino ffovips, di- and tri-fonctiona! diols; polyvinyl 
acetates; polyamides; poi>'%'inyl alcohols; polyvinyl pyiTolidone, polyacrjiic acid; . 
polystyrene; poiylactides; polylactones; block co~polymers including polyesters, 
polyamides, and polyuiethanes; and combinations and mixtures thereof. In a preferred 

10 embodiment, the opposing surface which comprises an adhesive material is coated witli 
PEG, 

In another embodiment, the biologically active material is applied onio 
the patch as a coating or layer. More than one coating of different biologically active 
J 2 material may be applied to the patch so that more than one biologically active material 
and/or carrier may be incorporated into the patch. The placement of the different layers 
may be determined by the diffusion or elution rates of the biologically active material 
involved as well as the desired rate of delivering the biologically active material to the 
2g body tissue. In another enihodimsnt, the bottom-most coating layer contains a higher' 
dose of a biologically active material and tl\e subsequent coating layers contain a lower 
dose of a biologically active material , This gradient of biologically active material 
concentration provides repienisliment of biologicaUy active material from the first 
coating to the subsequent coatings, this allows the biologically active material to be 
released slowly over time. 

In a preferred embodiment, the sustained delivery of the biologically 
active material will be for an extended period, longer than about three days and 
preferably, at least about one v^eek. For treatment of the bladder, canceiv or other heart 
chronic conditions, it is preferred that the drug be delivered over a period up to about 
one month or more. 

The concentration or loading of the biologically active material into or 
onto the therapeutic patch may be varied according to the therapeutic effects desired. 
Also, the loading, in terms of the ratio of biologically active materia! to carrier in the 
patch will depend upon the typa of biologically active material and carrier used and the 
rate at which fee biologically active material on the patch is released to the body tissue. 
Generally, the patch may contain 0.1-90% by weight or preferably 10-45% by weight of 
the biologically active material. Most preferably, 0.5-40% by weight of the drug should 
be incorporated in the patch, 

5.5 jEypan dable Assembly Ha vin g Aa Uatbyella-Like Configaratton 
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Suitable umbrella-like expandabte assemblies that insy be employed by 
the present invention includes the umbrella catheters disclosed in US, Patent Nos. 
6,001,118; 6,053,932; 5,354,279 and 6,045,565. 

Polymers that are xjse&i for maUing umbrelia-like expandable asseniblies 

5 include biostabie polymers, such as polyutsthanes, silicones, and poiyesiers. Other 
polymers which can be used include polyoiefms, polyamldes, polyisobtitylsne, ethylene- 
alphaolsfm copolymers, acrylic polvrners ami copolymers, vinyl halide polymers and 
copolymers such as polyvinyl chloride, polyvinyl eihers such as polyvinyl methyl ether, 

JO polyvinyiidene halides such as polyvinylidene fluoride and polyviiiyiidsne chloride, 
polyacrylonitrilfi, polyvinyl ketones, poly/ir-yi aiornatics such as polystyrene, polyviuyi 
esters such as polyvinyl acetate; copolymers of vinyl monomers, copolyrners of vinyl 
monomers and olefins such as ethyiens-msihy; methacrylate copolymers, acryionitrile- 
styrene copolymers, ABS resins, polycarbonates, aorylonitrile butadiene, styrene 
copolymers, ethylene vinyl-aceiau-, ui^irnoplastic elastomers, ethylene-vinyl acetate 
copolymers, polyamides such as Nylon 6, 0 and polycaprolacione, alkyd resins, 
polycarbonates, polyox^-ariethylenes, polyitnides, polyesters, epoxy resins, rayon- 
triaceUUe, cellulose, cellulose acetate, ceiluiosc butyrate, cellulose acetate butj-rate, 
cellophane, cellulose nitrate, cellulose propionate, cellulose ethers, carboxyinethyl 
cellulose, coilagens, chitins, polykctic acid, polyglycolic acid, and polylactic acid- 
polyethylene oxide copolymers. 

The wire elements of the umbrella-like expandable assembly may be 
constmcted of conductive metals having resilience and shape-retaining properties such 
as stainless steel, nickel-titanium alloys, spring steel alloys, and similar metals. Metallic 
materials include metals and alloys based on titanium (such as nitinol, nickel titanium 
alloys, thermo-memory alloy materials), platinum, tantalum, nickel-chrome, or cobalt- 
cliroinium (such as Elgiloy® and Phynox®) may be used to make the wire elements. 
Metallic materials also include clad composite filaments, such as those disclosed in WO 
94/16646. Examples of ceramic materials include ceramics of alumina and glass- 
ceramics such as Macoi®. 

The wire elements may have circular or non-circular cross-sections. 
Preferably the vnm elements are made ftom wires with circular diameters typically 
having a diameter in the range from about 0.1 mm to about 2 mm, preferably from about 
0.2 mm to about 0.5 mm, and more preferably from about 0.2 mm to about 0.3 mm. 
Suitable wires with non-circular cross-sections should have cross-sectional areas 
equivalent to such wii^s having circular cross-sections. In a preferred embodiment, the 
wire elements may have hooks or attachment elements disposed thereon to secure a 
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therapeutic patch. In one embodiment ths hooks or attachinent eleirjents are at the distal 
ends of the wire elements. 

In one embodsment. each wire element is conftgxirec <md cimieusioned 
such that each of the wjrv, cknKiitt. has equal length and i%ai c-ach oi ih^ v re ebment is 

5 equally =;pac5.d a lart ihe wre elemerU tan d \er SuU^n rdh frori ti e phn ^er or 
(,\pi ^'smn n t -^1 d ussr ir r uasform p?ttcm % c w i {h tho ^ -ida^mg be+v*, £ on i Ijacent we 
elementt, dn Qing m a s abs'-ant.aU) i nifoi n a id '-'/ran otnc p -worv In ' >thcr 
embodiiut- 1 'nt^ Hiie ekmetts huedi^teicTU leiT-T b& TMj Cc.c uiiif^vn^ f^Lm ntis 

jQ unevenly spaced \.inoi.t^othcrwirceIeinerK divergence patie ni> diiren^K ajid 
configurations are aiso encompassed by the present invenuon. 

Jbc m tuc"r 'sVc exo'^^ai'^Jc c»b-en bh n "v ^ repaired svitim a 
piotectiit, kt^v \ V- 1 ^ ' )i ' ■> II f cobipsc 

j2 corhgurajor to (ai^ditat^ tuii 1 *..odi>ct or *o > > w ta^^tt 3i*c fhc >fotecti c 
&ke\ cr tail be; d i^ii d-i he tU bcu g ^K^d to fchdablv tiVc iLv clui led n euxbtr and 
iimbrcUa-hke expandable assLnh' r s re ra^ttd pt >i*ion \Vh2n fi^ guide ^heath is 
removed, the umbrella-hke expandable assembiv expands. 

In one embodinstit, ih Ti^ur«l d^\ icc furtner conpnsci> a pwno'^rat ig 
element at the distal end of the elongated member. The penetrating element facilitates 
the p'Asss.ge of the medical device through thin memforaine or organ walls to the site 
where treatment is needed. In one embodiment, the penetrating element is a pointed 
device made of metals or plastics. The penetrating element can be attached to or 
detached from the distal tip of the umbrella-liks expandable assembly depending on 
whether such penetration is necessaiy for a particular treatment. 

The medical device of the present invention is made by preparing a 
theri^eutic patch and an expandable assembly of any configuration applicable. The 
expandable assembly is disposed upon the distal end of the elongated member and the 
therapeutic patch is disposed onto at least one wire element of the expandable assembly. 
The expandable assembly may be assembled separately first and then attached onto the 
distal end of the elongated member. Alternatively, the expandable assembly may be 
assembled on the elongated member. The medical device of the present invention can be 
made adaptable to catheters for delivery. 

In one embodiment, the patch is disposed upon the wire element by 
loosely wrapping the patch on the wire elements of the expandable assembly of any 
configuration applicable. The patch may be wrapped onto the wire elements of the 
expandable assembly when Uie expandable assembly is in an expanded configuration. 
The expandable assembly may be retracted so tliat the wire elements fold the patch into a 
retracted position. In another embodiment, the patch may be wrapped onto the wire 
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elements of the expandabte assembly when the assembly is in a semi-expaaded or a 
retracted configuration. 

In one embodiment, the patch is attached to the wire element usmg a 
dissolvable adhesive material. After the patch is delivered to the treatment sice, the 
5 adhesive material dissolves •when it comes in contact with body fluid. 

In another embodiment, the patch has holes on the periphery of the patch. 
AttachmoT* e?emcnts t'lsposed on the wire efement^ nay s^scure the patch When the 
patch 3f n a letracted position Once the prtch expands;, the patch is detached fiom the 
j0 hoo«,5 and iidha-a to the biuf i^e of the tissue to be tieated 

5*6 FApandab ie As sembl> Ihtvtng A Bask et4Jk& Configaiation 
Basket-bke expandable assembhes that may be used m the present 
ii ventiotiLan be dtiy baikct-iiNe iinhly fo wcihcAC^^^n.<^\i]i'ii ^iehiowi mthumi. 
Examples mckide U.S Patent ^o b.l9CVKVS x^UuntNo 5 '?2S>s:5 aud U.S. Patent 
No 5.647,S70 Materials th.u .^rc t s -J U < e !...T[ibreIU-bke es.pai.dablc assemblies 
canbeusedto m<'ke(V,cba<v]a\ I - ' v a^>t.mnl) 
2g In gcricral tho b^^-v^i-i c\pa^ .able asxcniblv i:; d s^aib, mounted on an 

elon^atwci member s^-ch at ? cat iclc boi'v I ho bo^i-xi-hke c\p<ir<i,.bK^ asscmhiy i% 
formed fay a pUiraUtj cf %vire <.!e,mctis fl c s\ -^vc" hki expandable a-^scuibly mcludes at 
least three, generally tlexible wuc eic nud, a <Hl<i m a cir>.u.TirvuntKi!iy spaced 
relationship. Thv! ire t,lemcnis arc n^uc ci ia^^aiy floKiblc ineta' allov. e e;,, nitinol, 
which h<!' vv U kn awj ^ii-pe rxniu.^ propenies In nnc tmbodi n^nf both ends of at 
least one w .re elemen: are secatcd to tlic distal end of the catheter. Tlis wire elements 
ate joined at their midpoir^t by a hub or a tip member. The wire elements are flexed into 
a three dimensional shape, e.g.^ such that each wire element forms a loop at the 
catheter's distal end. In genera!, the wire elements extend perpendicularly tcom the axis 
of the hub. The wire elements may be attached to the catheter's distal end in an evenly 
spaced relationship, aligned like the lines of longitude on a globe, Tlie flexing of the 
wire elements creates a spheroid-like structure whose curvature approximates the 
curvature of the surface of an organ that the basket-like expandable assembly is to be 
applied to, la a preferred embodiment, the curvature of the spheroid-like structure 
created by the basket-Hke expandable assembly approximates that of the curvature of the 
endocardium. The structure presents a curved, uniform distal surface that follows the 
natural contour of the endocardial tissue. The assembly preisents a surface essentially 
free of major projections that can extend into and damage endocardial tissue. Blunt 
tissue trauma is avoided. This geometry also makes it possible to place biologically 
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active material deiivery system, in this case a patch, into intimate contact with the 
eMocardml tissue. 

In a pi efeiTed embodimsnl, each v,f ire eiemeiu of the basket-like 
expandrble as-^cniol^ mcUGQ<- a region of rctiuctd ^^ AVi a vJoi: thickness near the hdb, 
5 1hmiiaa,Ltith ^miHI < ' tuc \'> i e tkintnts m this legior enb d comp^ - gcoraar>' 
lha* a(^comm datv ih(^i.oUap of multiple, closely spic„d\Mit^ej^nvRls Reducng 
the JiKk'ie uf t\w wFc ckmt-t t.'^ 1m this region imparts greater fiexibiiity to the wire 
i.bment'^; 1 n<. locdii7cd t ction^, of \s idth and or thickness also reduces force required 
IQ to fu X tb- ctiuctHip m"'ari lato a coihr^ec' oondinon 

Ihoniidfcc'l utx co ■•i r ch-txp ic nc; n^^' tt i kv. cvpduaabi. 

viS-cmoiN m.d\ mcliiut. a ^U'de iO? ^ il d his a?c: _ i e ca .eier bods i.iui.e daectioa to 
collapse the basVct bkt. <.p li L ii-t > b'^ ^■s r^iu^ j m into the p<}iisr!ts body 
The iAtedth .shJes alona u<^ ^ a u .-irtJ er Ji-tcuoL to df'p}o\ the ft]f expanding 
ba^Kt Iki. t.\p<nid-»Me assem'^l ' v. t! - 'fien 's hot.'v Aft,-"! at lio^ii t it iiid 
placement ot theiapciUK ^ i o tl s rfac ^ ot the tica ^■d lu^iieij, the h^sL^i hla 
expandable asst.'jibb 1^ \ a . jji-vI . '< ^i.^nii ilo^uhebodv 

Inouc em.iofiinient, liic medical ^^Ovuc t i-'lui <.<.i!upn-,^-, i j)cn(.tt:^itmg 
element at the tip of the basket-like expaadable assembly. 

In another embodraient, the first end of the wire element is attached to the 
distal end of the elongated member and the other end of the wire element is attached to a 
^ . hub which is at a point more distal than the first end of the wire element. 

The basket-like expandable assembly may be non-self-sxpandable. In 

one embodiment, the basket-like expandable assembly comprises an expansion 

mechauism similar to that of the umbreUa-Iike expandable assembly. In another 

embodimeiit, the expansion mechanism is a plunger being sized to slidably receive a 

portion of the elongated member. Also, a first end of at least one wire element can be 

flexibly connected to the plunger. The other end of the wire element is attached to a hub 

at a point more distal than the first end of the wire element. When the plunger moves 

distaliy along the elongated rnember, the wire elements are flexed into a basket-like 
35 _ . 
configuration. 

The device of the present invention can be used to ^ply the biologically 
active material to any surface of a body lumen where a catheter can be inserted. Such 
body lumen include, without limitation, heart chambers, blood vessels, urinary tract, 
coronary vasculature, esophagus, tmchea, colon, and biliary tract. Various organs can be 
treated using the medical device of the invention, without liniltatioii, the bladderpungs. 
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Spleen, liver, eyes, uterus and intestines. There are ways by which the medical device of 
the invention may be used to treat the sisrface of a body lumen or internal body cavity or 
organ, for example, through surface deployment (i.e., intrapericarcial attactoent) or 
transmyocardial patch depolyment First, the therapeutic patch can deh^ or a oio!<>gica[:y 
5 at live nat(. nal lo the surface of a body lumen or cavity for treatment Th\? pe of patch 
ii> ptofoiabh biod^giadable itnte once the delivery of bioIogtraUy actise rsu'enal I'i 
coinplt-tc, the pa'c'-j is no longer needed If is preferable thrt the patch i.? b5cde;;-ad^bie 
so tiiat Lulhei i».cps of icmovlng it iiom the body iumen o. iiy \\o\iUi rmt b<- 
necessary Second, the therapeutic patch del j\ ers a biolog caliy actn e inatenal to the 
suifa-e of a body lur^r iRJenial cavUy oj or^an fur tivctint 'it id at th si nr t mf, 
tirsc patch is necessary to hold the surface of tbt, .■'cJs' 'i or ii temr! cautv or organ m 
place or act a putnanent barrier to rep ur a de " ' f w ' i <) TLi-s u pt" uf patch is 
prefeiably non-b'od<gi?dab'e sjncc tJic patch r.Ci^ucd ^ > p cnnarcnl =iiippf>rt 

Tne mevhjd of the present irvcr.tior ma> be uscd to ticat ^..noui. 
di^tease'*, for e\inipl,c, bladder ca^xe' co^g-stn e '-soait fa>Imc, ulcers. cardiOm> opathy 
arid corgen'tai t'i. c is ot iLc h.\ ^ o, U c i cf ht w diseases, vanous tyjics of 
2^ dru^s that are sti t.-hk lOi u i*! cm ) v dw^p-^- h as di'joxni, oe^a-blockcrs, AOh 
i:ili'.bitcrs mas be u^cd dixus ,d w/'mt O 1 1 hioloi? c^^H/ aane niattuai can be 
applied wuhuj the heart oharabei wai.i . w n a' ;\<.!' uourds, oi mtuif »<ikd int'f the 
heart myocardmm, such as themyocard n. pccouMiai, endoca duini and cpicardmm. 

Some of the more cominoi types, of congenual caruuc defeats that may 
be treated ustag the medical device of tic present invention include atrial septal defect 
(ASD), ventricular septal defect (VSD), and patent ductus arteriosis (PDA), An ASD is 
a hole in the cardiac septnm between the left and right atria, while a VSD is a hole in the 
septum between the left and right ventticles. Patent ductus arteriosts is incomplete 
closure of the opening between the puimonaty artery and the aorta that is present dutring 
fetal development. These conditions may cause blood to abnormally shunt &om the 
right side of the heart to the left side of the heart without being properly oxygenated in 
the lungs. This results in deprivation of oxygen to the body tissues. In addition, blood 
in the left side of the heart may shunt back to the right side through the defect rather tlm 
being pumped into the arterial system, causing abnonnai enlargement of the right 
chambers of the heart. 

Another use for the method of the present invention is to treat cardiac 
ruptures. Cardiac rupture refers to a rupture of the left ventricle of the heart, generally 
following an acute myocardial infarction. If untreated, the condition usually is fatal 
immediately or within a few days depending on the extent of the rupture. It is believed 
that such rupture occurs in approximately 10% of patients with fatal acute myocardial 
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infarction. Bates aL, 1997 Am, J. Cardiol. 40; 429-437. It causes 25,000 deaths a 
year in the United States alone atid is the second most common cause of the death afier 
an acute myocardial infarction. The above mentioned defects may be treated by using 
the raedical device of the present invention by delivering a therapeutic patch to repair the 
5 defect. 

The method of treatment of the mvetUioti comprises the sieps of msertmg 
tl c mcdica' novice of the p'-c&cnt invention into the patient s body m a manr^t the 
patch of medical dc\ice is adjacent to the bod> tissue suif^e Wug tie ste ' Tho 
IQ medical devict, co npnses ?r ciongptcd roomber sue i a.s a guuiavire or a cath-ten either 
an umbrella-like cKpard?bic assembly or a b^skel-hixc expandable fcisernblv, dud a patch 
whjch IP gene-j1h a thcapv c patch. I he medical device !:> depiDved by txpandmg the 
umbrdUa-hU ur l> jsl .t 1 . ^'-p-'iidable assembly Upon exp^najor of the umbrella-Kke 
ot 1) Hket-likt' i. s.p ituiahfe <^sscr.V>1> the theiapcutic patch adhe;cs to ths su ^^cc of a 
bod^ 5ik^ to bo ttcatcd The unibicila-hke or b. 'kst-like cwa idabio o^ise-^ib^} m 
letsacted tv Jo collapi.cd position aad t c c<i' do-' e ^e.io\t,d font the body of the 
patient. 

2^ Wlc the 'iKdiLi'' t.t,vsoc H.^ij- I ] il ^ Idc c\pit d inic < ss-mb]> 

rt-a.^i^is th.^ sttitac e ot tne body tis->uc t. o*^ nc^as I'-cnErcnt, t!jc v i ibteiki iiko t'^p. nd «Me 
asbombh K d il' ^ td .a di." a re ^"'ot o its i\ av> a} frui > 'hi n^^j^v^d I'stniivj 
1 he fiu I ) .1' ^ 1 ' , J 1- V ssposcv. on 1 1^ \\ elemi nt-, ofths umbre!la-hke 
evpandablt; a-s^t.i.dv u ,10.^% as tne imibrella-likc expandable assembly is deployed 
The wu e element.s of the umbrella-like expandable assembly is then used to apply a mild 
pressure to the patch, alIo%\ ing close approximation of the patch onto the surface of the 
body tiS5ue The side of the p.^tch which is loaded with an ?dhc-> ve mr tena! tccmcs the 
patch onto the surface of the body lumen or internal cavity or organ. The entire patch is 

30 

attached to the surface of the body tissue to be treated. 

In a preferred embodiment, a medical device with an umbrelia-Kke 
expandable assembly is used to apply a therapeutic patch onto the internal surface of the 
left ventncie of the heart. In a minimally invasive procedure, the medical device can be 
delivered through the lumen of a delivery catheter or a thoracoscope to a heart chamber. 
The medical device with an umbrella-like expandable assembly can be introduced into 
the left ventricle of the heart via the aorta using a femoral, trachial or carotid artery 
approach. In a specific embodiment, the medical device may be advanced to the desired 
location in the body using a position controllable tip that can be remotely manipulated 
from outside the patient in a manner similar to an ordinary gastroendoscope, 
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Iti a healthy heart, ths wali rauscie of &e heart is noimaliy approximately 
10 mm in thickness. In a diseased heart, the wall muscle of the heart can be much 
thicker (hy|.>ejifop]»c) or much thinner (dilated myopathy) 

In cnc err Dodjmetit, fhc medical device with an umbrei!a-iike expandable 
3 as^emhh, used to appl> d therapeutic patch on the outside surfecc of the heart This is 
I ntivvii t an: 7ii>0varc'ia! patch deployment Anet th^. mtdical device is advanced to 
the { ft \ tiunule u^mg the method dtscuased abo"' c, an optional pcnciivitin^ de^ 'Ct- 
msrtU.d at the of 1 1." ti cdic, \ cVv'^iL.e 5s imctod t-pproKiiaaely 1-^ \im m^-^ tk 
,0 nsvn.jrdairn Th<. ti]. orths; raeu>.al dcwc^. i'; ddv<inced throi g'l tne pencardf.H c to 
\s ithin a ir !li nt.ters of {be ^-re ti. i* u jui&i, Lreauniem The therapeutic p 'V'h 
in roiHucd to the e \ltrna] face of* ic va>.. as the tip p 'hco thruugli tbi* ?r;yocardrim 

In apol^' ^ ! V. % t t, n edw' dc^ ice docs not go through the 
pcnoauji^m '^he therapeufzc ccx > li > c-cd to the s 'rtate of tlie h^iixi i cpKaidmm) 
%\htj! !s ht,iv \ fhe Inait and peruadi-ttr Thi\ iS ki Ov\n mtn pencardtal patcti 

apphcd tothc epi;„afd J^v.^ao .\ 

20 inanoihu^' ^ • d.n' m <. vu' „ ba'-^et hi ^^pin I ble 

assembly la uted to appij ? tU >. r o '^^ smia o ih„ ondiii ii Jinui 

Initially, the thcrspeutjc pat<.h t, ? .-^ f s| r vn die wire el^nscnis o{ t k ba-kot 1 ke 
expandable assembly is compressed mto a reti acted condfhon 1 he b£i>ktri-hke 
expandable assembly that is disposed on the di&tal sad of a catheter body is moved 
through a guide sheath for introduction into a patient's body tm-ough the cardiovascular 
system. The basket-like expandable assembly and the therapeutic patch aie deployed at 
a target site within a heart chamber, where the guide sheath is puUed back, allowing the 
wire elements of the basket-like expandable assembly to return to their expanded 
condition. The therapeutic patch expands and using minor pressure, the therapeutic 
patch is then secured onto the endocardiuai of the heart chamber. 

Whereas the invention has been shown and described in connection with 
specific embodiments hereof, many modifications, substitutions and additions may be 
made which are witlun the intended broad scope of the appended ciaims. Tlius, it should 
be underst ood that the present invention encompasses the use of other methods and 
medical devices for delivery a therapeutic patch to the body tissue of a patient. Those 
skilled in the art will recognize, or he able to ascertain using no more than routine 
ex^erhnentation, many equivalents to the specific embodiments of the invention 
described herein. Indeed, various modifications of the invention in addition to those 
described herein will become apparent to those skilled in the art from the foregoing 
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description and accompanying figiires. Such equivalents are intended to be within the 
scope of the following claims. 

Ail publications, patents and patent appHcations mentioned in this 
specification sxc herein incoiporated by reference into the specification to the same 
5 extent as if each individual piibiication, patent or patent application was specificaliy and 
individwalty indicated to be incorporated herein by reference. 
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WHATlSCLADVffiD: 

I . A medical device for trealiiig body tissue of a patient comprising; 
(a) an elongated member having a proximal end and a distal end; 
5 (b) aa expasidable assembly disposed at the distal end of tlie elongated 

member, wherein the expandable assembl}' is capable of changing from a reu-acted 
position to mi axparidsd position and the expandable assembly comprises a piurality of 
"vsire elements and wherein each wire element has a first end and a second eiid; and 
10 C^') ^ P^tcli hfivtiig two opposing surfiices; wherein one of the opposing 

surfaces comprises an adhesive material and a biologically active iuaierial; jind wherein 
the other opposing surface is disposed upon at leas: one of the wire elements. 

55 2, The medical device of claim 1 wherein the wire elements are arranged ic 

an umbrella-like configuration when the expandable assembly is m the expanded 
position. 

3. The medical device of claim 2 which further comprises an expansion 
mechatiism for the expandable assembly. 

4. The raedica! device of claim 3 wherein the expansion mechanism is & 
plunger haviiig a lumen being sized to slidably receive a portion of tiie elongated 
member therein. 

5 . The medical device of claim 2 wherein one end of at least one wire 
element is connected to the distal end of the elongated member. 

6. The medical device of claim 5 wherein the wire elemeut is connected to 
the distal md of the elongated member at a flexible joint. 

35 

7 . The medical device of claim 4 wherein one end of at least one wire 
element is flexibly connected to the plunger. 

8. The medical device of claim 2 wherein the expandable assembly is self- 
expandbg. 
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9, The medical device of claim 8 fUEtlier comprising a guide sheath being 
sized to sHdably receive the guidewire and expandable assembly in its retracted position. 

10, The medical device of claim 1 wherein the wire elements are arranged in 
5 a basket- like configuration when tlw expandable assembly is in the expanded position. 

1 1 , The medical device of claim 1 0 wherein both ends of at least one wire 
eleraent is connected to the distal end of the elongated member. 

10 

12, The medical device of claim 1 1 wherein at least two wire elements have 
midpoints between the ends of tl\e wire elements and wherein the medical device further 
comprises a hub which connects the midpoints, 

15 

13 . The medical device of claim 10 wherein at least one end of at least one 
wire element is connected to the distal end of the elongated member. 



14. The medical device of claim 13 wherein the first end of the wire element 
is comjected to the distal end of the elongated iiiember and the second end of the wire is 
connected to the elongated member than the first end of the wire el^ent 

15. The medical device of claim 10 which furHhm comprises a sheath bsing 
sized to sHd^iy receive the elongated member and expandable assembly in its retracted 
position, 

16. The medical device of claim 10 which fhtther comprises an expansion 
mechanism for expanding the expandable assembly, 

17. Tlie medical device of claim 16 wherein the expansion mechanism is a 
plunger having a lumen being sized to sHdably receive a portion of the elongated 
member therein, 

IS, The medical device of claim 17 wherein one end of at least one wire 
element is flexibly connected to the plunger, 

19. The medical device of claim 1 wherein a penetrating element is disposed 
at the distal end of the elongated member. 



-3i- 



wo 03/833815 



PCT/US02/3344)4 



20, The medical device of claim 1 wherein the expandable assembly 
comprises about three or more wire elements. 

21, The medical device of claim 20 wherein the expandable assembly 

5 comprises up to about tv/enty wire elements, 

22, The medical device of claim 1 wherein each of the wire elements are of 
approximately equal lengths. 

10 

2 3 . The medical device of claim 1 wherein each of the wire elements are 

approximately evenly spaced, 

j5 24. The medical device of claim 1 wherein the patch comprises a material 

selected from the group consisting of natural polymars, synthetic polymers, metals and 

biological febric. 

25. The medical device of claim i wherein the patch is circular in shape. 

26. The medical device of claim 1 wherein the thickness of the patch is about 
10 micron to about 1 nun. 

25 

27. The medical device of claim I wherein one side of the patch is 
substantially impermeable, 

28. The medical device of claim 1 wherein the biologically active material is 
selected &om a group consisting of ceils, genetic materials and drugs. 

29. The medical device of claim 28 wherein the cells are selected JBrom the 
group consisting of endothelial progenitor cells, stem celts, cardiomyocytes, skeletal 

35 

myoblasts and transformed ceils. 

30. The medical device of claim 28 wherein the genetic materials are nucleic 
acid molecules encoding proteins selected from the group consisting of FGF, FGF-i, 
FGF-2,BMGFandVEGR 

3 1 . The medical device of claim 28 wherein the drugs are selected from the 
group consisting of estrogen, esh-adiol, estriol, dioxin, captopril and enalopriL 



wo 03/833815 



PCT/US02/33W4 



32. The medicai device of claim I wlierem the opposing surfece of the patch 
which comprises an adhesive material further comprises caibowax. 

33. The medicai device of claim 1 wherein the adhesive maierial is a 

5 bioadhesive material selected &om the group consisting of hydrogeis, fibrirx giue, 
cyanoacrylates, gelatin-resorciaol fomialdehyde-glutaraldehyde, synthetic gums and 
natural gums. 

10 34. The medical device of claim I wherein the opposing surface of the patch 

comprising the bioiogically active material further comprises a plurality of 
raicroneedles. 



35. A medtcal de\ io. uta.u^ but,\ ^ oi 4 p^t ent con\-> suig 
ifi) an e!ongati>d mcm'i.,! having a pioxmul cnc rnu a distcl end, 

(b) a 1 umb eila hk2 cNpc-rdable ai.sv;rnbi> corapn^ing a plurahty of 
V, at Lknis, ^ ''i: c oin th^, asscmbh is disposed at the dista* end 
of the elongated member; wherein the expandable assembly i s 
capable of changing from a retracted position to an expanded 
position and wherein each wire element has two opposing ends; 
and 

(c) a patch having two opposing surfaces; wherein one of the 
opposing surfaces comprises an adliesive material and & 
biologically active material; and wherein the other opposing 
surfece is disposed upon at least one of the wire dements. 

36. A medical device for treating body tissue of a patient comprising: 

(a) an elongated member having a proximal end and a distal end; 

(b) a basket-like expandable assembly comprising a plurality of wire 
elements wherein the expandable assembly is disposed at the 
distal end of the elongated member; wherein the expandable 
assembly is capable of changing firom a retracted position to an 
expanded position and wherein each wire element has two 
opposing ends; and 

(c) a patch having two opposing surfaces; wherein one of the 
opposing surfaces comprises an adhesive material and a 
biologically active material; and wherein the other opposing 
surface is disposed upon at least one of the svitc elements. 
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Fig. 2a 
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